This paper explores how employment among an educated workforce depends on production technology represented by factor substitution and factor-augmenting technical progress. We consider a variant of the Diamond overlapping generations model that can explain the empirical finding about the elasticity of substitution being less than unity observed in some developed economies. Depending on factor substitution, a decline in the wage rate has positive and negative effects on employment. When the elasticity of substitution is less than unity, a low wage rate can imply a low employment rate as well as a low human capital level. Given the elasticity of substitution, being less than unity, labor-augmenting technical progress can decrease the employment rate and human capital level via a decrease in the marginal product of labor.
Introduction
While the aggregate production function plays an important role in economic growth theories, many studies assume a Cobb-Douglas production function because of its tractability. However, some studies found little evidence in some developed economies to support the assumption of a Cobb-Douglas production function (see [1] [2] [3] [4] ).
This study examines how production technology represented by factor substitution and factor-augmenting technical progress affects the economic development of a country which cannot attain full employment of educated workers.
Our model has two important features. The first feature is a constant elasticity of DOI: 10.4236/me.2018. 97074 1128 Modern Economy substitution (CES) production function in a variant of the [5] overlapping-generations model. While in a dynasty model, individual savings come out of total income, it implies relatively high economic growth with a higher elasticity of substitution. However, it may not be able to explain the empirical finding that the elasticity of substitution between capital and (skilled) labor lies below unity in developed economies. Thus, we employ a CES production function in a model in which individual savings come out of wage income. The second feature is downward rigidity in the wage rate. Given the wage rigidity, we can examine the dynamics of employment rate and human capital level. 1 In our model, a decline in the wage rate has not only a positive effect, but also a negative effect on the employment rate. Because the decline in the wage rate decreases the threshold in the capital/labor ratio for attaining full employment, it increases the employment rate. However, the decline in the wage rate implies a low income level. It decreases the employment rate because of a low capital/labor ratio. Thus, the total effect of wages on employment depends on factor substitution. When the elasticity of substitution lies below unity, a low wage rate can imply a low employment rate as well as a low human capital level because the negative effect can outweigh the positive effect.
Given the elasticity of substitution, being less than unity, labor-augmenting technical progress can decrease the employment rate and human capital level via a decrease in the marginal product of labor because the marginal product of capital increases more rapidly than output per capita. Factor substitution itself has an ambiguous effect on the employment rate and human capital level.
To begin, we posit the following. [8] showed that in the Diamond model, low growth can be implied by a relatively high elasticity of substitution. This paper tries to examine the effect of production technology on employment among an educated workforce because in many developed economies, prolonged economic stagnation has been observed and educated individuals do not always work as skilled workers. We show that under complementary relationships between capital and labor, both the employment rate and the human capital level can be low with a low wage rate or with labor-augmenting technical progress. 2 The remainder of this paper is organized as follows. In Section 2, we explain our model. In Section 3, we investigate the employment and education associated with factor substitution. We conclude the paper in Section 4.
Model
Assume that individuals live for three periods. In the first period, individuals receive education. In the second period, individuals work. During this period, they decide their own consumption and savings as well as their children's level of 1 For simplicity, we consider the employment rate which is an average of the employed and unemployed workers. In the Appendix, we provide a microfoundation of wage rigidity using the efficiency wage hypothesis (see [6] [7] 
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where 0 1 The first-order conditions of the utility maximization problem are as follows:
Educational expenditure with respect to income is convex because of the constant term in the human capital stock. We assume a positive amount of educational investment in the initial period:
From (1) and (7), the dynamics of human capital are represented as follows:
The existence of unemployment retards the accumulation of human capital.
Next, we consider perfectly competitive firms. We assume a CES production function:
where 0 1 b < < , 1 ρ − < < ∞ , and We assume downward rigidity in the wage rate. Given the factor prices, the first-order conditions are as follows:
How Does Production Technology Affect Employment and Education?
We assume that in the initial period, the marginal product of labor is less than the wage rate:
where
P is the population size of each generation.
The threshold in the capital/labor ratio for attaining full employment can be represented by k. We obtain:
where 
.
Equation (13) shows the negative and positive effects of a decline in the wage rate on the income level when individuals are not fully employed. On the one hand, the numerator of (13) represents the negative effect of the declining wage rate on the income level because savings depend on wage incomes. The denominator of (13), on the other hand, represents the positive effect of the declining wage rate on the income level via the threshold in the capital/labor ratio for attaining full employment.
We consider the existence of a stable steady state of the economy in which unemployment exists: 
We see the dynamics of the human capital level and employment rate from (8) and (13). As shown in Figure 1 , the dynamics of the income level are autonomous. Given the initial level, 0 0 x h , the income level increases with t t x h and converges to wxh . Under Assumption (A3), the human capital level and employment rate at the steady state are respectively represented as follows:
We use the normalization procedure to examine unemployment with factor substitution. We arbitrarily choose baseline values for three variables: the capital/labor ratio, k ; the output/labor ratio, y ; and the marginal rate of substitution,
, which are evaluated at k (see [10] ). The normalized CES production function is: We have
, and
Proof: 1) From (14) and (15) 
2) The differentiation of the marginal product of labor with respect to the elasticity of substitution is as follows:
The threshold of the capital/labor ratio for attaining full employment depends positively on the wage rate. Thus, a decline in the wage rate can increase the employment rate and human capital level because of a decrease in the threshold.
However, the decline in the wage rate decreases savings. It can decrease the employment rate and human capital level because of a low level of capital accumulation. When marginal product of labor. Thus, a low wage rate does not necessarily imply an improvement in the employment rate and human capital level.
Additionally, a rise in education quality can decrease the employment rate but raise the human capital level. This implies the trade-off between the human capital level and the employment rate.
We also examine the effect of factor substitution itself on the employment rate and human capital level. Although a high elasticity of substitution between capital and labor can potentially imply a high output/labor ratio, the marginal product of labor increases less rapidly. Thus, when capital and labor are relatively substitutable, an increase in the elasticity of substitution decreases the employment rate and human capital level because of a decrease in the marginal product of labor.
Proposition 1: (Effect of wage and factor substitution on unemployment). Suppose Assumptions (A1)-(A3) hold. If the elasticity of substitution between capital and labor lies below unity, the unemployment problem cannot be necessarily solved by a low wage rate because of the existence of both positive and negative effects. Furthermore, the elasticity of substitution itself has an ambiguous effect on the employment rate and human capital level.
Finally, we consider the effect of factor-augmenting technical progress:
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tal-augmenting progress and labor-augmenting technical progress, respectively.
Proposition 2: (Effect of factor-augmenting technical progress on employment). Suppose Assumptions (A1)-(A3) hold. Capital-augmenting technical progress always increase the employment rate and human capital level. However, if the elasticity of substitution between capital and labor lies below unity, labor-augmenting technical progress can decrease the employment rate and human capital level because of a decrease in the marginal product of labor. 
Concluding Remarks
This study explored how factor substitution and factor-augmenting technical progress affect employment among educated workers because of little evidence to support the assumption of a Cobb-Douglas production function. We found that a low wage rate can imply a low employment rate as well as a low human capital level when the elasticity of substitution lies below unity. Given the elasticity of substitution, being less than unity, labor-augmenting technical progress can decrease the employment rate and human capital level via a decrease in the marginal product of labor.
We can obtain some policy implications about employment and education.
The government should be reminded that under complementary relationships between capital and labor, a decline in the wage rate or labor-augmenting technical progress can decrease both the employment rate and the human capital level. Furthermore, the government should not improve only the educational level when there are unemployed educated individuals. It could worsen the unemployment problem because of the trade-off between the human capital level and the employment rate.
